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INTRODUCTION 

Fluorescence microscopy has  been a use fu l  a n a l y t i c a l  t o o l  f o r  cha rac t e r i z ing  
o r g a n i c  m a t e r i a l  i n  v a r i o u s  c o a l s  and r o c k s  (1-9).  T e i c h m u l l e r  and Wolf (3 ,7 )  
discovered new f l u o r e s c i n g  c o a l  macerals ,  which a l s o  were found by Spackman (6 )  i n  
U.S. coa l s .  Ottenjahn e t  a l .  (9) r e l a t e d  t h e  f luo rescence  p r o p e r t i e s  of macerals  t o  
t e c h n o l o g i c a l  p r o p e r t i e s  of  c o a l .  Van C i j z e l  ( 8 )  h a s  o r g a n i z e d  s p e c t r a l  
f l uo rescence  p r o p e r t i e s  f o r  comparison. Since 1983, we have extended f luo rescence  
mic ropho tomet ry  from t h e  s p e c t r a l  t o  t h e  time domain by u s i n g  a p u l s e d  l a s e r  f o r  
f l u o r e s c e n c e  e x c i t a t i o n .  F l u o r e s c e n c e  decay t i m e s  a r e  measured a s  t h e  new 
c h a r a c t e r i z i n g  p a r a m e t e r s  f o r  t h e  d i s p e r s e d  o r g a n i c  m a t e r i a l .  S i m u l t a n e o u s l y ,  
i n d i v i d u a l  s p e c t r a  of  t h e  v a r i o u s  f l u o r e s c i n g  components i n  t h e  m a t e r i a l  a r e  
obtained. This paper desc r ibes  the  new time-resolved f luo rescence  microscopy and 
its a p p l i c a t i o n  t o  c o a l  and s h a l e  cha rac t e r i za t ion .  

SYSTEM DESCRIPTION 

The l a s e r  f l u o r e s c e n c e  mic roscopy  system is r e p r e s e n t e d  s c h e m a t i c a l l y  i n  
Figure 1. F u r t h e r  s p e c i f i c a t i o n s  a r e  g i v e n  i n  T a b l e  1.  A p u l s e d  l a s e r  and t h r e e  
s o u r c e s  o f  c o n t i n u o u s  wave (c.w.) i l l u m i n a t , i o n  a r e  i n t e r f a c e d  w i t h  a L e i t z  MPV3 
microscope. The tungsten lamp is  used f o r  s p e c t r a l  c a l i b r a t i o n  and surveying the  
sample under white l i g h t .  The mercury and xenon a r c  lamps are used f o r  f luorescence 
e x c i t a t i o n  and a r e  c o u p l e d  t o  t h e  e x c i t a t i o n  monochromator. The EC&C n i t r o g e n  
pumped dye l a s e r  with a BDBP dye provides  in t ense  n e a r - u l t r a v i o l e t  l i g h t  pu l se s .  
The l a s e r  i s  c o u p l e d  t o  t h e  mic roscope  v i a  a l i q u i d  l i g h t  gu ide .  The modu la r  
c o n s t r u c t i o n  of t h e  mic roscope  a l l o w s  v a r i o u s  o p t i c a l  components  t o  be r e a d i l y  
interchanged. The emit ted f luo rescence  is de tec t ed  by a f a s t  two-stage mult ichannel  
p l a t e  ( M C P )  p h o t o m u l t i p l i e r  t u b e  (Hamamatsu R1564U-01) w i t h  a n  enhanced r e d  
response. The output  of t h e  MCP is d i r ec t ed  e i t h e r  t o  a picoammeter when acquir ing 
c o n v e n t i o n a l  C.W. s p e c t r a  o r  a T e k t r o n i c s  7912AD f a s t  waveform d i g i t i z e r  when 
acquir ing t ime-resolved spectra .  
and passes  t h e  average The e x t e n s i v e  
software,  developed in-house, c o n s t i t u t e s  a l a r g e  po r t ion  of t h e  development time. 

The d i g i t i z e r  sums a number of MCP ou tpu t  pu l se s  
t o  t h e  4052A T e k t r o n i c s  desk  t o p  computer .  
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TAULL I - InsLrumenL ParaiiieLers and Fluorescence S igna l s  

S i z e  or c o a l  niaceral 
Diameter of analyzed a r e a  
Tuning range of emiss ion  monochromator 
Range used 
Monochromator bandwidth 
Continuous Fluorescence Exc i t a t ion  
luning range of-emat ion monochromator TY--  I- -- 
Typica l  e x c i t a t i o n  wavelength 
Monochromator bandwidth 
Fluorescence E x c i t a t i o n  by Pulsed L m c r  
Dye l a s e r  pu lse  d u r a t i o n  (FWHM) 
pulse  energy (EDUP dye, 373nm. 1Otlz) 
Peak power 
Laser bandwidth (I'WIIM) 
Dye l a s e r  tuning range 
Exc.i tation wavelenuth used 
Pulse  r e p e t i t i o n  r a t e  
Number of photons emi t t ed  per  pu l se  (BDOP dye) 
Photons onto sample 
Photons onto measured r eg ion  of sample ( 1.5 pm) 
Typica l  f luorescence  y i e l d  
Photons reaching  MCP pho tomul t ip l i e r  a f t e r  pass ing  

emission monochromator 
Typica l  number of pho toe lec t rons  per pu l se  
Instrument func t ion  r i s e t i m e  ( l a s e r  pu l se  + photomul t ip l ie r  + 

d i g i t i z e r  p reampl i f i e r )  
FWHM of  ins t rument  f u n c t i o n  
S ing le  pulse  d i g i t i z a t i o n  r a t e  
Number or pu l ses  s i g n a l  averaged, t y p i c a l  

10-50 um 
5 urn 

220-600 nm 
300-800 nm 

1-7 nul 

220-000 nm 
365 nm 
1-7 nm 

0.7 n s  
10 UJ 
10 kW 

0.04 nm 
360-600 nm 

373 n m  
1-100 lip 

2x101-I 
x1013 

104  
10*-103 

101 1-1 012 
0.001 

0.7 ns 
1.1 ns 

10-100 CHz 
64 

MGTHOD 

T ime- re so lved  f l u o r e s c e n c e  e m i s s i o n  s p e c t r a  a r e  o b t a i n e d  i n  10  nm s t e p s  by  
scanning the  emission monochromator of t h e  MPV3 from 400 to  700 nm and acqui r ing  the 
f l u o r e s c e n c e -  decay  a t  each  wavele ,ngth . '  T h i s  t a k e s  a b o u t  10  seconds  a t  each  
wavelength or 5 minutes t o t a l .  The da ta  - reduct ion  y i e l d s  the m u l t i p l e  decay times, 
Component S p e c t r a ,  and  r e l a t i v e  i n t e n s i t i e s  and t a k e s  a b o u t  4 m i n u t e s  a t ' o n e  
w a v e l e n g t h  or 1-2 h o u r s  t o t a l .  C o n v e n t i o n a l  s p e c t r a  a r e  o b t a i n e d  w i t h  C.W. 
i l l u rn ina t ion  and con t inuous ly  scanning t h e  emission monochromator. . This takes  about 
60 seconds, i nc lud lng  c o r r e c t i o n  f o r  o p t i c a l  system response and smoothing. Very 
s i m i l a r  spec t r a ,  as expec ted ,  a r e  obta ined  by i n t e g r a t i n g  t h e  t ime-resolved r e s u l t s .  

For r o u t i n e  da t a  c o l l e c t i o n ,  a tungsten lamp 1s used to  determine the  spectral 
r e s p o n s e  of t h e  sys tem.  The lamp is c r o s s  c a l l b r a t e d  wi th  a s t a n d a r d  lamp of a 
known s p e c t r a l  output. Th i s  is done by measurlng the  raw spectrum, which inc ludes  
t h e  system response of bo th  the  tungs ten  and s t anda rd  lamps. The r a t l o  of the raw 
tungs ten  spectrum Tr( 4 t o  the  raw s tandard  lamp spectrum E, ( A  ) 1s independent of 
t h e  s y s t e m  r e s p o n s e ,  a n d ,  when m u l t i p l i e d  w i t h  t h e  known s t a n d a r d  lamp speot rum 
E(A)t r e s u l t s  i n  the t rue tungs ten  spectrum T(A)  
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The d e t e r m i n a t i o n  of t h e  r e l a t i v e  s p e c t r a l  r e s p o n s e  S ( h )  of  a chosen  o p t i c a l  
conf igura t ion  (ob jec t ive ,  d i c h r o i c  f i l t e r ,  ape r tu re s )  is done r o u t i n e l y  by measuring 
t h e  raw t u n g s t e n  spec t rum Tr(h) and d i v i d i n g  by t h e  t r u e  t u n g s t e n  spec t rum T ( A ) :  

The cor rec ted  f luo rescence  emission 
by taking t h e  r a t i o  

2)  

spectrum A ( h )  from a sample is then  determined 

where R r ( X )  is the raw f luo rescence  . 
b u i l t  i n t o  t h e  software. I n  t h i s  way, normalized f luo rescence  spec t r a  a r e  obtained 
independently o f  t he  p a r t i c u l a r  op t i ca l  components chosen. 

3 )  

s o e c t r u a  The above c a l i b r a t i o n  procedures a r e  

The a c q u i s i t i o n  and  r e d u c t i o n  of the  p u l s e d  f l u o r e s c e n c e  d a t a  r e q u i r e  much 
care. The ind iv idua l  anode pu l ses  from t h e  MCP PMT conta in  t h e  f luorescence  decay 
F ( t )  and the  temporal ins t rument  response I(t). The measured s i g n a l  M ( t ) i s  given by 
t he  convolu t ion  i n t e g r a l  

t 
M ( t )  = 1 I(T) l.'(t-T)dT 4 )  

- m  

The task i s  t o  o b t a i n  t h e  f l u o r e s c e n c e  decay  f u n c t i o n  F ( t )  and ,  from t h i s ,  t h e  
v a r i o u s  decay  t i m e s  and p e r c e n t a g e  c o n t r i b u t i o n s  from the  ind iv idua l  f l uo resc ing  
components. T h i s  is done  w i t h  an i t e r a t i v e  r e c o n v o l u t i o n  t e c h n i q u e  and l e a s t  
squares  f i t t i n g  ( see  below), F i r s t ,  t he  instrument func t ion  has  t o  be  determined. 
If F(t-T) i n  t h e  above  i n t e g r a l  is a d e l t a - f u n c t i o n  6 ( t -71 ,  t hen  t h e  measured 
s i g n a l  M ( t )  is I(t). Exper imenta l ly ,  a mir ror  is used in p l a c e  of t h e  sample, which 
c o r r e s p o n d s  t o  r e p l a c i n g  F ( t - r )  w i t h  d(t-T). Thus t h e  i n s t r u m e n t  r e s p o n s e  is 
o b t a i n e d  and  c o n t a i n s  t h e  c o n t r i b u t i o n s  from t h e  l a s e r  p u l s e ,  p h o t o m u l t i p l i e r  
response and p reampl i f i e r  bandwidth (1CHz) of t h e  waveform d i g i t i z e r .  

V a r i o u s  d e c o n v o l u t i o n  t e c h n i q u e s  h a v e  been  examined by o the r  i n v e s t i g a t o r s  
( 1 5 , 1 6 , 1 7 ) .  We h a v e  l o o k e d  i n t o  t h r e e  s u c h  t echn iques .  The s o f t w a r e  d e v e l o p e d  
allowed u s  t o  mathemat ica l ly  model t he  f luo rescence  experiments by convolu t ing  a 
synthesized instrument response,  i nc lud ing  random Gaussian noise ,  wi th  an assumed 
m u l t i - e x p o n e n t i a l  f l u o r e s c e n c e  decay. The s y n t h e s i z e d  s i g n a l  M(t )  was t h e n  
deconvoluted using the  d i f f e r e n t  t echn iques  t o  see how t h e  c a l c u l a t e d  pa rame te r s  
(decay times and pre-exponent ia l  c o e f f i c i e n t s )  compared with the  known parameters 
set a t  t he  beginning. We Pound t h a t  the  Four ie r  transform method r equ i r e s  i n t e n s i v e  
opera tor  i n t e r a c t i o n  and its a b i l i t y  t o  d i sce rn  a sum of two o r  more exponent ia l s  
was questionable.  The method of moments could  r e s o l v e  s i n g l e  and double  exponential  
f l u o r e s c e n c e  decays .  However, ex tens ion  t o  th ree  exponent ia l  waveforms has  
p roved  t o  be d i f f i c u l t .  The t e c h n i q u e  we found t o  g i v e  t h e  b e s t  r e s u l t s  is t h e  
i t e r a t i v e  r e c o n v o l u t i o n  method, which was a l s o  found t o  be most s a t i s f a c t o r y  by 
O'Conner e t  a l .  (15). We a r e  able t o  s u c c e s s f u l l y  deconvolu te  d a t a  conta in ing  up t o  
th ree  d i f f e r e n t  f luorescence  decays. 

The i t e r a t i v e  reCOnVOlutiOn method assumes  t h a t  t h e  f luo rescence  decay F( t )  
from t h e  sample  1s a sum of e x p o n e n t i a l  terms c o r r e s p o n d i n g  t o  emission from n 
i n d i v i d u a l  f luorophores :  

n 

la1 
F ( t )  =.I Ai exp ( - t / T i )  5) 
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Combininn t h i s  w i t h  Eauat ion 4 g i v e s  the  f i t t i n g  func t ion  

n~ 
l"lo(t)= 1 Ai I(T) exp [-(t-T)/Ti] dT 6 )  

i=l - _  
where A i  and T~ a r e  t h e  parameters  t o  be ad jus t ed  u n t i l  a best  f i t  to t h e  measured 
s i g n a l  M(t)  is found. 

This bes t  f i t  is obtained when t h e  e r r o r  sum x 2  is minimized, where 

and N is t h e  t o t a l  number of channels  (128 or 512) used. 

The weight a i2 is t h e  sqliore of t h e  unce r t a in ty  i n  t h e  measurement of the  i t h  
channel and is given by 

where a o 2  is t h e  b a s e l i n e  n o i s e  (0.01mV2), CM(ti) is t h e  count ing e r r o r  ( l m V 2 ) ,  
is  t h e  t ime  a x i s  j i t t e r  c a u s e d  by s m a l l  f l u c t u a t i o n s  i n  t h e  t r i g g e r  p u l s e  
( u t  s4Ops )  and A t  (1.0.25 c h a n n e l s )  is  t h e  f r a c t i o n a l  c h a n n e l  s h i f t  i n  ou r  time 
a x i s  l i n e u j  rout ine.  T y p i c a l  v a l u e s  f o r  t h e  l as t  two terms in Equation 8 a r e  2mV2 
and 0.25mV , r e s p e c t i v e l y .  

a 

Minimiz ing  t h e  x e r r o r  sum is  a n  i t e r a t i v e  p r o c e s s ,  which i n v o l v e s  
i n c r e m e n t i n g  t h e  p a r a m e t e r s  A i  and T~ and t h u s  s u c c e s s i v e l y  r e d u c i n g  The 
method employed (20) is a combi,nat ion of a g r a d i e n t  s e a r c h  a l o n g  t h e  X 2  
hypersurface and l i n e a r i z a t i o n  of t he  f i t t i n g  funct ion.  When f a r  from t h e  su r face  
minimum, t h e  g rad ien t  p l a y s  the  dominant r o l e  in determining the  increment _changes. 

A s  t h e  sea rch  c l o s e s  i n  on t h e  minimum, t h e  l i n e a r i z a t i o n  of  t he  - f i t t i n g  .function do- 
minates.  The parameter increments  a r e  given by 

x2. 

where BJ - (Ai, T i ) ,  and B k  and a J k  are given by the  r e l a t i o n s :  

M t ( t i )  is t h e  b e s t  f i t  from t h e  p r e c e d i n g  i t e r a t i o n s ,  A is a w e i g h t i n g  f a c t o r  and 
6i1( 1s t h e  Kronecker  d e l t a .  The w e i g h t i n g  f a c t o r  d e t e r m i n e s  t h e  r e l a t i v e  
c o n t r i b u t i o n  t o  t h e  i n c r e m e n t s  from t h e  g r a d i e n t  s ea rch  on t h e  hypersurface t o  
t h e  l i n e a r i z a t i o n  of t h e  f i t t i n g  funct ion.  
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APPLICATION TO COAL MACERAL ANALYSIS 

An example f o r  t ime-reso lved  f luo rescence  a n a l y s i s  is g iven  i n  Figure 2 f o r  a 
s p o r i n i t e  c o a l  m a c e r a l  (SIU sample  1 4 4 4 ) .  The t o p  p a r t  shows a s i g n a l - a v e r a g e d  
f luo rescence  pu l se  ( s o l i d  l i n e )  and t h e  bes t  2-exponential  f i t  (dashed l i n e ) .  The 
e m i s s i o n  monochromator was s e t  a t  500 nm. The f i t  y i e l d s  t h e  p r e - e x p o n e n t i a l  
c o e f f i c i e n t s  Ai and decay times T ~ .  The component percentages  a r e  g iven  by 

1 2 )  

The accuracy of t h e  f i t  can  b e  a s s e s s e d  from t h e  r e s i d u a l s  and  t h e  reduced  
(201, where X <  '1 i n d i c a t e s  a good f i t .  I d e a l l y ,  t h e  r e s i d u a l s  s h o u l d  be 

random. They a r e  not  because of a f i n t e  number of channels ,  i n t e r p o l a t i o n  between 
channels ,  Small time a x i s  j i t t e r ,  and s m a l l  p u l s e  shape va r i a t ions .  A Z-COmpOnent 
decay f i ts  the  p re sen t  d a t a  well ,  and the  assumption of a 3-component decay would 
show redundance in t h e  t h i r d  component. The q u a n t i t y  T m  is t h e  mean decay tiole a s  
def ined  by 

X, 

T m  = ZPi r i /700  

The bottom of F igu re  2 

and has  proved u s e f u l  f o r  comparisons. 

shows a comple t e  t i m e - r e s o l v e d  s p e c t r a l  a n a l y s i s ,  
where t h e  p a r a m e t e r s  Ai, and P i  a r e  plotted v e r s u s  e m i t t e d  wave leng th .  The 
c o e f f i c i e n t s  A i ( A )  a r e  t h e  i n d i v i d u a l  component spec t ra .  The i n d i v i d u a l  decay times 
T~ of t en  remain n e a r l y  cons tan t  over t he  s p e c t r a l  range, as would be expected for  
pure substances.  

I n  order  t o  determine the  use fu lness  of time-domain f luo rescence  a n a l y s i s  a s  an 
extension of convent iona l  f l uo rescence  a n a l y s i s  of  organic  ma te r i a l s ,  two sets of 
s a m p l e s  were s t u d i e d .  One s e t  was a s e r i e s  of  k e r o g e n - r i c h  s h a l e  s a m p l e s  a t  
d i f f e r e n t  l e v e l s  of m a t u r a t i o n  from t h e  N e w  A lbany  Format ion  from t h e  I l l i n o i s  
Basin. In these  samples  Type I kerogen is abundant as a l g i n i t e  Tasmanites, and a l l  
measurements were t a k e n  on t h i s  m a t e r i a l ,  Whi l e  t h e  m a t u r a t i o n  t r e n d s  of  t h i s  
ma te r i a l  in  the  I l l i n o i s  Basin have been s tud ied  using v i t r i n i t e  r e f l e c t a n c e  and 
q u a l i t a t i v e  and q u a n t i t a t i v e  f luo rescence  techniques  (Zl,22,23), nothing p rev ious ly  
was known of the t ime-resolved f luo rescence  p r o p e r t i e s  of these  ( o r  any) samples. 
The o t h e r  s e t  was a s e r i e s  o f  s a m p l e s  from t h e  lower  K i t t a n n i n g  seam from 
P e n n s y l v a n i a  and Oh io ,  which r ange  i n  r ank  f rom h i g h - v o l a t i l e  b i t u m i n o u s  C t o  
medium-volati le bituminous, 

One o b v i o u s  a d v a n t a g e  o f  t h e  t i m e - r e s o l v e d  a n a l y s i s  is i l l u s t r a t e d  i n  
F igure  3. The continuous-type f luo rescence  spectrum f o r  a sample of t he  a l g i n i t e  
Tasman i t e s  (uppe r  d i ag ram)  can  be t i m e - r e s o l v e d  i n t o  two s e p a r a t e  s p e c t r a  ( lower  
diagram). The t ime-reso lved  a n a l y s i s  i n d i c a t e s  t h a t  t he  continuous spectrum der ived  
from s tandard  f luo rescence  con ta ing  i n  t h i s  case, t he  combined cont r ibu t ionsf rom ( a t  
least)  two f l u o r e s c i n g  components w i th  their own d i s t i n c t  spec t ra .  

The f l u o r e s c e n c e  decay  t i m e s  o f  o r g a n i c  m a t e r i a l s  i n  bo th  sets o f  s amples  
showed some s u r p r i s i n g  s i m i l a r i t i e s .  F i r s t ,  i n  a l l  ma te r i a l  s tud ied ,  Tasmanites in  
t h e  New Albany s h a l e ,  and f l u o r i n i t e ,  s p o r i n i t e ,  r e s i n i t e ,  and c u t i n i t e  macerals i n  
t he  Lower Ki t tanning  seam, the t ime-reso lved  d a t a  showed good agreement wi th  a two- 
component decay model. Thus, t he . f luo rescence  of  a l l  o f  t hese  ma te r i a l s  appears  t o  
be composed of two f l u o r e s c i n g  components wi th  l i f e t i m e s  i n  the  subnanosecond and 
nanosecond ranges. I n  add i t ion ,  t h e  fast l i f e t i m e  component (about 200 p s )  seems to 
be c o n s t a n t  I n  a l l  s a m p l e s  and m a c e r a l  t ypes .  A l though  t h e s e  r e s u l t s  a r e  
pre l iminary ,  a working hypothes is  is t h a t  t he  two f luo rescence  lifetimes a r e  
from two d i f f e r e n t  f l uo rophores ,  one of which is common t o  a l l  the m a t e r i a l s  s tud ied  
( a l g i n i t e ,  f l u o r o n i t e .  resinite, c u t i n i t e  and spor in l t e ) .  
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When t h e  f l u o r e s c e n c e  decay  times were p l o t t e d  a g a i n s t  r ank  ( a s  d e f i n e d  by 
v i t r i n i t e  r e f l e c t a n c e ) ,  t he  a l g i n i t e s  and s p o r i n i t e s  showed the  c l e a r e s t  t r ends  a s  
s e e n  i n  F i g u r e s  4 and  5. T h e  decay  times do n o t  seem t o  change  much w i t h  i n c r e a s e  
i n  t h e r m a l  m a t u r a t i o n  or r a n k .  However, t h e  p e r c e n t a g e  c o n t r i b u t i o n  o f  each  
component t o  the  o v e r a l l  s p e c t r a  do show a sys temat ic  change a s  i l l u s t r a t e d  in  the 
same f igures .  I n  t h e  case of t he  a l g i n i t e ,  t h e  f a s t  component i nc reases  with rank, 
t h e  slow component d e c r e a s e s ,  and t h e  t r e n d s  a r e  r e v e r s e d  f o r  t h e  s p o r i n i t e s .  
Although these  d a t a  are pre l iminary ,  t h e  hypothes is  (be ing  inves t iga t ed  fu r the r )  is, 
t h a t  i n  the  matura t ion  process  one f luorophore  is  transforming i n t o  another.  

To f u r t h e r  t es t  o u r  e x p e r i m e n t a l  p r o c e d u r e s ,  model compounds (e.g. POPOP. 
a n t h r a c e n e )  i n  s o l u t i o n  and t h e i r  m i x t u r e s  were s t u d i e d .  We found  t h a t  two 
compounds can be d i s t ingu i shed  i n  a mixture and the  c o r r e c t  f l uo rescence  decay times 
and spec t r a  a r e  obta ined .  

CONCLUSIONS 

1 .  Time-domain a n a l y s i s  is a power fu l  e x t e n s i o n  o f  c o n t i n u o u s  f l u o r e s c e n c e  

2. C h a r a c t e r i s t i c  l i f e t i m e s ,  percentages,  and i n c e n s i t i e s c a n  be determined. 
3 .  The spec t r a  of a v a r i e t y  of organic  materials can be  r e so lved  i n t o  two d i s t i n c t  

components, one i n  t h e  subnanosecond range and one i n  t he  nanosecond range. 
4. Within the  r e s o l u t i o n  l i m i t s  of t he  system (100 ps) ,  i t  appears t h a t  the  ' f a s t  

l i f e t i m e  component is  t he  same in  a v a r i e t y  of organic  mater ia l s .  
5. With the  new technique, mixtures of shor t  and long l i f e t i m e  model compounds can 

be r e s o l v e d  i n t o  t h e i r  o r i g i n a l  component spec t ra  and f luo rescence  decay times. 
6. In a l g i n i t e s  and s p o r i n i t e s ,  f l u o r e s c e n c e  l i f e t i m e s  a p p e a r  t o  be n e a r l y  

cons tan t  wi th  changes i n  rank. 
7. I n  a l g i n i t e s  and s p o r l n i t e s ,  the percentage con t r ibu t ion  from each component 

changes wi th  rank. 

ana lys i s .  

Time-resolved laser spectroscopy improves the  s p e c i f i c i t y  of convent iona l  
f luorescence  microphotometry of coals  and o i l  sha l e s .  
cechnique in  s t u d i e s  of  d i spe r sed  organic  mat te r  i n  s h a l e s  and expect t o  understand 
b e t t e r  t h e  m a t u r a t i o n  of t h e  o r g a n i c  m a t e r i a l  i n  s o u r c e  r o c k s  

We have been using the  new 

( 2 4 ) .  
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KITTANNING SPORINITE -- LIFETIME #COMPONENTS 
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F i g u r e  5a. T h e  r e s o l v e d  f l u o r e s c e n c e  decay  times f rom 
s p o r i n i t e  c o a l  n w c e r a l s  f rom t h e  l o w e r  K i t t a u i n g  seam 
( P e n n s y l v a n i a  and  Ohio) a s  a f u n c t i o n  of r ank .  
( S e e  a l s o  c a p t i o n  t o  F i g u r e  4 a . )  
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F i g u r e  5 b .  P e r c e n t a g e  c o n t r i b u L i o n s  t o  t h e  f l u o r e s c e n c e  
f r o m  Llie LWO major f l u o r e s c i n g  components  i n  s p o r i n i t e  
a s  a f i incLion  oL v i t r i n i t e  r e f l e c t a n c e .  
c a p t i o n  t o  F i g u r e  4b . )  

(See  a l s o  
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